Background: Invasive pneumococcal disease is a signifi cant cause of morbidity and mortality worldwide and it is a major cause for childhood deaths in Nepal. Objectives: The aim of this study was to establish the antimicrobial susceptibility pattern of Streptococcus pneumoniae and perform serotype responsible for pneumococcal disease in Nepal. Materials and methods: All together 3774 children from 2 to 60 months who fulfi lled the enrollment criteria for suspect of bacterial pneumonia, sepsis or meningitis were enrolled for etiologic studies of severe illness. During the study period 60 isolates of Streptococcus pneumoniae were isolated and the antimicrobial susceptibility testing and serotyping were performed. Results: The study showed that 24 (52.17%) isolates were resistant to Cotrimoxazole, 3 (6.5%) isolates were intermediately resistant to Penicillin but no Penicillin resistant strains were isolated. The 1 (2.17%) isolate was recorded as Erythromycin and Chloramphenicol resistant and only 1 (2.17%) isolate was found intermediately resistant to Cefotaxime. Of the 60 isolates, serotyping result was available only for 46 isolates. The most common serotypes were serotype 1 (27. 65%) followed by serotype 5 (19.14%) and serotype 4 (8. 5%) respectively followed by serotype 39, 23F, 7F, 19B, 12A, 14, 18F, 6B, 32, 16, 19F and 25F. Conclusions: Alarming level of Cotrimoxazole resistance demands revision of pneumonia treatment policy in Nepal and rising tendency of other drug resistance against Streptococcus pneumoniae showed use of these drugs for the treatment of meningitis, pneumonia and other serious infections needs extended research. The common serotype 1, 5 and 4 need to be incorporated in pneumococcal vaccine to immunise children in Nepal.
T he serious pneumococcal infections such as pneumonia, bacteraemia, meningitis, and otitis media remain major causes of morbidity and mortality in persons of all age's worldwide 1, 2, 3 . The ability of pneumococci to cause disease is directly related to the production of a capsule, a polysaccharide structure external to the cell wall that provides resistance to phagocytosis and promotes evasion of the host immune system by the bacteria 4 . While attack rates for pneumococcal disease are extremely high in developing countries, indigenous and disadvantaged minorities in developed countries are also at particular risk 2 . The emergence of drug-resistant Streptococcus pneumoniae will make these common infections more diffi cult to treat 5 , as isolates resistant to one or more fi rst-line agents are common in many parts of the world 6 . Since the fi rst report of decreased susceptibility to penicillin in 1967, resistance of Streptococcus pneumoniae to this drug, as well as other antibiotics, has been reported in many countries 2 . Resistant pneumococci may spread from country to country, and widened and intensifi ed surveillance is needed in all areas, including those countries where resistance is relatively uncommon 7 .
Invasive pneumococcal disease is estimated to cause more than 50, 000 cases of bacteraemia and 3, 000-5, 000 cases of meningitis annually. Death due to invasive disease is estimated to be 6, 000 persons annually, with more than half of these in adults with specifi c risk factors (age, immunosuppression) for severe disease. Such risk factors are an indication for vaccination 8 . . All isolates were tested against Penicillin, Erythromycin, Cotrimoxazole, Chloramphenicol and Cefotaxime. Quality control organisms specifi ed by NCCLS, including S. pneumoniae ATCC (American type culture collection) 49619, were used 11 . The proportion of isolates that were susceptible, intermediate and resistant to each agent was determined for the agents tested based on NCCLS interpretive criteria 12 . Intermediate and resistant strains were grouped as non susceptible for some analyses. Multidrug resistant (MDR) strains were defi ned as being non susceptible to all three drug classes tested. Serotyping was performed by capsular swelling reaction using group-and type-specifi c antisera (CDC produced or obtained from Statenserum Institute, Copenhagen, Denmark).
Results
A total of 60 clinical isolates of Streptococcus pneumoniae was recovered, of which 37 isolates were from blood, 18 from CSF and 5 from other body fl uid.
Of the 3774 pneumonia suspected patients only 37 (0.98%) patients showed culture positive, similarly of the 408 suspects of meningitis and CSF was cultured, only 18 (4.4%) were culture positive for Streptococcus pneumoniae and out of 15 pleural fl uid from the patients suspected of pneumonia only 5 (33%) were culture positive as shown in fi g 1.
Overall 15 most common serotypes was detected in order of prevalence, being serotype 1 (27.65%), followed by serotype 5 (19.14%), 4 (8.5%), 39 (4.25%), 23F (4.25%), 7F (4.25%), 19B (4.25%), 12A (4.25%), 14 (4.25%), 18F (2. 12%), 6B (2.12%), 32 (2.12%), 16 (2.12%), 19F (2.12%) and 25F and (2.12%) (fi g. 2). Figure 3 shows the sensitivity of the pneumococcus isolates from the specimen. Serotype 1 was by far most common serotypes in each. MICs against penicillin, Cotrimoxazole, Chloramphenicol, Erythromycin and Cefotaxime were determined (Fig 3) . Overall, there were 24 (52.17%) isolates were resistance towards Cotrimoxazole and 9 (19.56%) were considered intermediately resistant. Whereas penicillin MICs were mostly around 0. 016mgl -1 and showed 3 (6.5%) were intermediately resistant, no penicillin resistant strains were isolated. Over the 4 years, erythromycin MICs ranged from 0. 062 to 8mgl -1 resistance was recorded in 1 (2.17%). Chloramphenicol MICs ranged from 1 to 4 mgl -1 over all 1 (2.17%) was considered resistant toward Chloramphenicol where as the MICs of Cefotaxime ranges from 0. 008 mgl -1 to 0. 25 mgl
Overall only 1 (2.17%) was found intermediately resistant to Cefotaxime in the study period. 
Discussion
The acute respiratory tract infection control program designed for developing countries by the World Health Organisation includes patient management protocols that recommend the use of an antimicrobial drug (Penicillin, Ampicillin, or Cotrimoxazole) for children with pneumonia 13 . The most remarkable fi nding of this study is the level of Cotrimoxazole resistance and the result was in accordance with the fi ndings of Bangladesh 13 . Currently, the antibiotic resistance patterns of Streptococcus pneumoniae isolates vary widely from one country to another within Europe. Rates of resistance to penicillin have been reported to be increasing in some countries but resistance has remained at very low levels in other central European countries 14, 15 . Studies have shown wide variations of antimicrobial resistance against Streptococcus pneumoniae among countries. None of the strains were resistant to penicillin and Cefotaxime in some countries including Hungary 14 . High level of resistance of Streptococcus pneumoniae to Penicillin has been reported from Asian countries like China, India, and the Philippines 9 . Chloramphenicol and Erythromycin resistance was observed in only 2. 17% of the strains without any relationship to Penicillin resistance. These drugs are the most common regimen used in the hospitals of our country, is still a good empirical choice for the treatment of pneumoccocal meningitis.
The increased rate of Cotrimoxazole resistance can be possibly be correlated with the wide use this antibiotic in the communities because of its dose convenience, cost effectiveness, and easy availability over the counter. Although multiple factors infl uence the emergence and spread of antimicrobial resistance, antimicrobial consumption is one of the most important. However, majority of Streptococcus pneumoniae in South Asia are now Cotrimoxazole resistant raising the question of whether WHO should shift from Cotrimoxazole to more expensive drugs for treatment 16 . This remarkable difference may have occurred because of the unlimited use of antibiotics, the lack of antibiotic policy and control in these countries, or as a result of the different antibiotic distribution policies 13 .
There were 16 serotypes isolated from the invasive pneumococcal infection of them one was nontypable. The most common serotype was 1 (27. 65%) which was consistent with study done in Patan Hospital, Nepal 17 . Determination of the main serotypes that cause pneumococcal infection in each region of the world is of major importance in public health because of polyvalent conjugate vaccine formulations. Our results indicate that only four of the seven (4, 6B, 9V, 14, 18C, 19F and 23F serotypes) most common serotypes of Streptococcus pneumoniae isolates from the Kanti Children Hospital are present in the 7-V vaccine formulation. Worse, only fi ve of the serotypes are present in both 9-V vaccine (7-V plus 1, 5 serotypes) or 11-V vaccine (9-V plus 3, 7F serotypes) formulations.
Conclusion
The study concluded that the high level of Cotrimoxazole resistance and also increasing resistance to other antimicrobial agents and wide serotype distribution of the Streptococcus pneumoniae isolates circulating in the population.
A more detailed study over a wider area and for a longer period on the pneumococcus on antimicrobial resistance and serotype distribution among the paediatric population of Nepal is needed. Such study may help to revise antimicrobial policy to treat invasive pneumococcal infections such as meningitis, pneumonia and septicaemia and for the development of an effective polyvalent conjugate vaccine for Nepal
